I review recent developments in the theoretical study of Higgs search at LHC.
Introduction
One of the most important physics goal of the LHC is the search for Higgs boson(s) [1, 2] . During the last six years the design energy and machine luminosity have been changed (not always so as we hoped). For the simulation works carried out during the Aachen workshop (1990) √ s = 16 TeV energy and ∆L = 10 5 pb −1 -3 × 10 5 pb −1 integrated luminosity per year was assumed. The CMS and ATLAS technical proposals [3, 4] (1994) used √ s = 14 TeV and ∆L ≤ 10 5 pb −1 . These values were approved by the CERN Council in 1994 December but it could not be excluded that in the first year of operation the experiments start data taking at √ s = 10 TeV and ∆L ≤ 10 4 pb −1 . As a result of these changes most of the numerical results to be found in the literature are now out-of-date. This motivates the update of the old calculations [5] . New theoretical and experimental information also calls for a reexamination of the bench-mark values of the Standard Model Higgs Higgs branching ratios and production rates at the LHC [6, 7] .
According to the so called "no loose scenario" in searching for the mechanism of the electroweak symmetry breaking i) either the Higgs will be discovered at LEP2 or LEP2 will establish a lower limit of m H > 95 − 100 GeV;
ii) it is expected that LEP1 and SLC will confirm an upper limit 600 GeV > m H by the end of the present LEP2, SLC, LEP2 and Tevatron program;
iii) LHC will be able to discover the Standard Model Higgs boson in the remaining interval 600 GeV > m H > 95 GeV.
Other options are also possible. For example if the Higgs boson will be discovered at LEP2 LHC can put stringent test on the supersymmetrised Standard Model; or if at LHC the Standard Model Higgs with mass m H > 160 GeV will be found the Minimal Supersymmetric Standard Model will be ruled out; or LHC may find evidence for supersymmetry etc. This is exciting program require an unprecedented experimental effort and it has to be supported by a continuous improvement of the theoretical signal and background calculations. In a recent systematic study D. Froidevaux et al. [8] carried out an extended simulation work for the ATLAS detector. They argued that since we do not know all QCD radiative correction factors we should ignore all of them and so they used for all signal and background processes the lowest order cross-section formulas. Their study covers all the previously studied cross section and background processes [5] . While this is a consistent approach one should not abandon the careful evaluation of the very important higher order QCD corrections. M. Spira and collaborators prepared two very useful program packages [9] 
Each of these parameters has a small measurement error, the effect of these on the event rates is negligible compared to other uncertainties. The charged and neutral weak fermion-boson couplings are defined by
For the vector and axial couplings of the Z boson to fermions, we should use the 'effective leptonic' value sin
The QCD strong coupling enters explicitly in the production cross sections and in the branching ratios, and implicitly in the parton distributions. Since most quantities are known to next-to-leading order, it is more consistent to use two loop α s , with Λ It is of interest to study of the variation of the production cross sections with m t in the range 165 < m t < 185 GeV, which subsumes the recent direct measurement (CDF and D0 combined) from the Tevatron pp collider of m t = 175 ± 6 GeV.
Assuming that M H = 90 GeV is a discovery mass limit for LEP2, one should cover the mass range 90 GeV ≤ M H ≤ 1 TeV. The discussion naturally falls into classes, depending on whether M H is less than or greater than O(2M W ) a .
3 SM Higgs branching ratios The branching ratios of the SM Higgs boson have been studied in many papers. A useful compilation of the early works on this subject can be found in Ref. [1] , where all the most relevant formulae for on-shell decays are summarized. Higher-order corrections to most of the decay processes have also been computed (for up-to-date reviews see Refs. [14] and references therein), as well as the rates for the off-shell decays H → W * W * , Z * Z * , H → Z * γ and H → t * t * . Threshold effects due to the possible formation of tt bound states in the one-loop induced process H → γγ have also been studied [15] .
The updated calculations include the large QCD corrections to the SM Higgs partial widths into heavy quark pairs and into Zγ, γγ and gg [13] .
The bulk of the QCD corrections to H →can be absorbed into a 'running' quark mass m q (µ), evaluated at the energy scale µ = M H (for example). The importance of this effect for the case q = b, with respect to intermediate-mass Higgs searches at the LHC, has been discussed already in Ref. [5] . For sake of illustration, results on the Higgs branching ratios are summarized in Figs. 1 which shows the branching ratios, for M H ≤ 200 GeV, for the channels: (a) bb, cc, τ + τ − , µ + µ − and gg; and (b) W W , ZZ, γγ and Zγ. The patterns of the various curves are not significantly different from those presented in Ref. [5] . The inclusion of the QCD corrections in the quark-loop induced decays (which apart from small changes in the parameter values is the only significant difference with respect to the calculation in [5] ) turns out to give a variation of at most a few per cent for the decays H → γγ and H → Zγ, while for H → gg differences are of order 50-60%. However this has little phenomenological relevance, since this decay width makes a negligible contribution to the total width, and is an unobservable channel in practice. Note that for the below-threshold decays H → W * W * and H → Z * Z * , one integrates numerically over the virtualities of both decay products, see for example Ref. [16] , thus avoiding errors in the threshold region. 
SM Higgs production cross sections and event rates
There are only a few Higgs production mechanisms which lead to detectable cross sections at the LHC. Each of them makes use of the preference of the SM Higgs to couple to heavy particles: either massive vector bosons (W and Z) or massive quarks (especially t-quarks). They are (see Fig. 2 ):
(a) gluon-gluon fusion [17] ,
(c) associated production with W , Z bosons [19] , (d) associated production with tt pairs [20] .
A complete review on the early literature on pp collider SM Higgs boson phenomenology, based on these production mechanisms, can be found in Ref. [1] . Again for illustrative purpose we show the total cross-section values for √ s = 10 TeV in Fig.3 . There are various uncertainties in the rates of the above processes, although none is particularly large. The most significant are: (i) the lack of precise knowledge of the gluon distribution at small x, which is important for the intermediate-mass Higgs, and (ii) the effect of unknown higher-order perturbative QCD corrections. One can attempt to quantify the former by using recent sets of different parton distributions which give excellent fits to a wide range of deep inelastic scattering data [6] .
The next-to-leading order QCD corrections are known for processes (a), (b) and (c) and are included. By far the most important of these are the corrections to the gluon fusion process (a) which have been calculated in Ref. [21] . In the limit where the Higgs mass is far below the 2m t threshold, these corrections are calculable analytically [22, 23, 24] . In fact, it turns out that the analytic result is a good approximation over the complete M H range [25, 26] . In Ref. [26, 6] the impact of the next-to-leading order QCD corrections for the gluon fusion process on LHC cross sections was investigated, both for the SM and for the MSSM. Overall, the next-to-leading order correction increases the leading-order result by a factor of about 2, when the normalization and factorization scales are set equal to µ = M H . This 'K-factor' can be traced to a large constant piece in the next-to-leading correction [21] ,
Such a large K-factor usually implies a non-negligible scale dependence of the theoretical cross section.
To judge the quality of the various signals of Higgs production we must know the event rates for all the promising channels. Considering all the possible combinations of production mechanisms and decay channels [3, 4] , the best chance of discovering a SM Higgs at the LHC appears to be given by the following signatures:
Recently, the importance of several other modes has been emphasized. By exploiting techniques of flavor identification of b-jets, thereby reducing the huge QCD background from light-quark and gluon jets, the modes (iv)′ → W H → ℓν ℓ bb and (v) gg,→ ttH → bbbbW W → bbbbℓν ℓ X, can be used to search for the SM Higgs [27, 28] . Another potentially important channel, particularly for the mass range 2M W
Here the lack of a measurable narrow resonant peak is compensated by a relatively large branching ratio, since for this mass range H → W W is the dominant decay mode. Again for sake of illustration we show in Fig. 4 Higgs production times branching ratios for various decay modes at two different energies.
Conclusion
The decay modes and the production cross sections of the most important production mechanisms of the SM Higgs at the LHC can be calculated with good precision and they are available in the literature. As the most promising signatures which should allow for Higgs detection at the LHC are The current theoretical errors are estimated to be ≈ ±20% (for the uncertainty due to parton distributions and α s ) and ≈ ±30% (for the error due to the scale dependence, see also Ref. [26] ), the latter for the gluon-gluon fusion process. The theoretical status concerning the physics signal of the branching ratios and production cross sections of the Higgs bosons in the MSSM is comparably good. However, important QCD corrections to the cross section values of the various background processes are still lacking. In the case of the supersymmetric Higgs-search, it would be of great significance to find alternative scenarios to the Higgs sector of the MSSM.
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